Chemical modification of the starch of icacina trichantha tuber was carried out to produce the citrate derivative. The icacina starch citrate which was prepared by reacting previously extracted native icacina starch with citric acid at elevated temperatures was found to be white, crystalline and a non -hygroscopic powder which gave a percentage yield of 76.8 % from the native starch starting material. The starch citrate prepared was insoluble in water and had a swelling capacity of 16. Proximate analysis (in %) was found to be: fat -1.5, ash -3.0, protein -0.66, moisture -10.75, and carbohydrates -84.09. The photomicrograph shows that the starch citrate granule has an oblong shape, generally small to medium sized (sizes ranging from 10 -15 µm) with occasional large ones. Comparison of the physicochemical properties of the native icacina starch with the citrate derivative indicates that it is a better disintegrant than native icacina starch in tablet formulations.
INTRODUCTION:
Starch is a natural biodegradable biopolymer which has wide industrial applications. Starch is the only qualitatively important digestible polysaccharide and has been regarded as nutritionally superior to low molecular weight carbohydrate or sugars (Ogungbenle, 2007) . Though starch is mainly used as food, it can also be readily converted chemically and biologically into many useful and diverse products such as paper, textiles, adhesive beverages, confectionaries, pharmaceuticals and plastics (Agbo et al, 2010) . Starch is one of the most widely used biomaterial in the food, textile, cosmetics, plastic, adhesives, paper and pharmaceutical industries. The diverse industrial usage of the materials is premised on its availability at low cost, high caloric value, inherent excellent physicochemical properties and the ease of its modification to other derivatives (Omojola et al, 2010) . Its high industrial demand requires that cheaper sources should continually be sought to meet global needs.
There are a number of chemical modifications made to starch to produce many different functional characteristics. Starches are modified to change the properties of unmodified starch and chemical modification on starches have markedly altered physicochemical properties compared with their parent starches (Rusli et al, 2004) . It has also been shown that when native starch is modified, it generally shows better paste clarity, better stability, increased resistance to retrogradation and increased freeze -thaw stability (Zheng et al, 1999) . Starch citrate has also been reported as a resistant starch in food industry as reported by Xueju et al (2004) .
Icacina trichantha (family: Icacinacea) is a shrub up to 2 m with scandent growth above. It produces very large tuber of forest and jungle vegetation in southern part of Nigeria. The plant is reported to be found as weed of rice paddies in Edo state, Nigeria (Gill and Ene, 1978) . Although icacina trichantha tuber has not been included as a conventional source of starch but it has been reported to contain up to 80 % carbohydrate. The tubers are up to 50 kg and when food is insufficient, some people of the upper Shari region used the seeds as meal or more rarely, the tuber (Mabberley 1997) .
During the present study, starch was extracted from tubers of icacina trichantha and modified chemically (by preparing the citrate derivative) in order to evaluate and compare the physicochemical and other functional properties with that of the native unmodified starch.
MATERIALS AND METHODS:
Materials: Icacina trichantha tubers were harvested from the farm source in Iyere Owo, Ondo state, South -West Nigeria. Other analytical grade reagents were obtained from Chemistry Advanced Laboratory, Sheda Science and Technology Complex, Abuja Nigeria.
Starch Isolation:
The fresh tubers were peeled and washed. Peeled tubers (2 kg) were chopped into small pieces and soaked in sodium metabisulphite solution (2 L 1 % w/v) at room temperature (28 O C). Thereafter, the pieces of tuber were removed and wet milled into a slurry using a grater. The paste was dispersed in a large volume of 1 % sodium metabisulphite and filtered through muslin cloth. The suspension was centrifuged at 3500 rpm for 10 min to facilitate the removal of dirts and mucillage, the supernatant was carefully decanted and the mucillage scraped off. The process was repeated for three times with the mucilage on the starch scraped continously until a pure starch was obtained. The resulting starch was dried in the sun and further dried at 60 O C in a hot air oven, pulverized, weighed and stored in sample bottles for analysis.
Methods:
Preparation of starch citrate: Preparation of icacina starch citrate was based on the method of Chowdary et al (2011) with some modifications. Citric acid (20 g) was dissolved in 20 ml of distilled water, the pH of the solution was adjusted to 3.5 with 10 M sodium hydroxide solution and finally the solution was made up to 50 ml by adding distilled water. The citric acid solution (50 ml) was mixed with 50 g of starch in a glass Petri-dish and conditioned for 16 h at room temperature ( 
Determination of certain physicochemical properties
Swelling power: The method described by Daramola et al (2006) was used to determine the swelling power with slight modifications. The starch sample (0.1 g) was weighed into a test tube and 10 ml of distilled water was added. The mixture was heated in a water bath at a temperature of 50 O C for 30 min with continuous shaking. In the end, the test tube was centrifuged at 1500 rpm for 20 min in order to facilitate the removal of the supernatant which was carefully decanted and weight of the starch paste taken. The swelling power was calculated as follows: Gelatinization temperature: This was evaluated using the method of Attama et al (2003) . 1 g of the starch sample was put in a 20 ml beaker and 10 ml of distilled water was added. The dispersion was heated on a hot plate. The gelatinization temperature was then read with a thermometer suspended in the starch slurry.
Water holding capacity:
The method of Omojola et al (2010) was used with slight modifications. 5 % w/v of the starch sample was dispersed in a pre-weighed centrifuge tube. The tube was agitated in a vortex mixer for 2 min. The supernatant was then discarded and the weight of the tube and hydrated sample taken. The weight was calculated and expressed as the weight of water bound by 100 g dry starch.
Foam capacity: The method of Omojola et al (2010) was used with slight modifications. 1 g of starch sample was homogenized in 50 ml distilled water using a vortex mixer (vortex 2 Genie set at shake 8) for 5 min. The homogenate was poured into a 100 ml measuring cylinder and the volume recorded after 30 s. The foam capacity was expressed as the percent increase in volume.
Emulsion capacity: The method of Omojola et al (2010) was again used also with slight modifications. 1 g sample was dispersed in 5 ml distilled water using a vortex mixer for 30 s. After complete dispersion, 5 ml vegetable oil (groundnut oil) was added gradually and the mixing continued for another 30 s. The suspension was centrifuged at 1600 rpm for 5 min. The volume of oil separated from the sample was read directly from the tube. Emulsion capacity is the amount of oil emulsified and held per gram of sample.
Browning and charring temperature: The method of Builders et al (2001) was used. Some of the starch sample was put into a capillary tube, the browning and charring temperatures were determined using a melting point apparatus with model name Electrothermal 9100.
Proximate analysis: Moisture, protein, fat, ash, crude fibre and carbohydrates was determined according to AOAC (1990) .
pH: A 20 % w/v dispersion of the sample was shaken in water for 5 min and the pH was determined using a pH meter.
All the above parameters were determined in triplicates and the mean and standard deviations were recorded.
Scanning electron microscopy: A scanning electron microscope (SEM) model EVO/ MA 10 was used to determine the particle size at 500X, 1KX and 2KX magnifications. The sample was imaged with the secondary electron detector at an accelerating voltage of 20 kV, probe current of 200 PA and variable pressure of 50 Pa.
Phytochemical screening:
Preliminary phytochemical screening of the starch extracted was done according to the proceedures described by Sofowora (1993) . Cardiac glycosides screening was done using the Liberman's test. In this method, a small quantity of the extract was dissolved in 2 ml of acetic anhydride and cooled well in ice. Concentrated sulphuric acid was then carefully added. A violet colour which changes to blue and then to green indicates the presence of a steroidal nucleus. Table 1 shows some physicochemical properties of the starch citrate. The photomicrographs of unmodified (native) starch and modified (citrate) starch at various magnifications are depicted in Plates 1 and 2 respectively, while the swelling pattern for the sample is given in Figure 1 .
RESULTS
Phytochemical screening revealed that both samples contain carbohydrates and terpenoids but only the native icacina starch contains sterols.
DISCUSSION
Chemical Composition: Icacina starch citrate was found to be a white, crystalline, non-hygroscopic powder with a yield of about 76.8 %. It exhibited no pasting or gelling properties when heated at 100 O C for 30 min. This is in accordance with an earlier work on potato starch (Chowdary and Enturi, 2011) The pH value of 4.59 for icacina starch citrate was found to be slightly lower than that of the native starch obviously because of the reaction with citric acid but it still falls within the pH range of 3 -9 obtained for most starches used in the pharmaceutical, cosmetics and food industries (Coursey and Rasper, 1967) .
The phytochemical screening of both starches (that is native and citrate) shows that they have the same essential active chemicals, carbohydrates and terpenoids (from the parent material) although sterols found in the native starch was absent in the modified starch. Proximate analysis of both starch samples indicates that they still contain the same constituents and the quantity was comparable to each other.
From Table 1 , it can be seen that the water absorption capacity of icacina starch citrate was quite higher than that of the native starch. This might be a reflection of the desirability of the modified starch in the pharmaceutical industry (Chowdary and Enturi, 2011) . Foam and emulsion capacities of the starch citrate were just slightly higher than the values obtained for the native starch. The browning and charring temperatures of the starch citrate was observed to be higher than that of the unmodified. This shows that the starch citrate can even be heated to a higher temperature without changing colour or charring. This quality will make it a preferable starch in industries that use starch at higher temperatures. Both the native starch and the modified starch were also observed to have very low amylose content which makes them a good choice food for diabetics and other health conscious individuals (Agbo et al, 2010) .
Morphology:
The photomicrographs of icacina trichantha starch and the modified one at various magnifications are shown in Plates 1 and 2. The photomicrograph of both starches indicates that the starch granules are generally small to medium sized with sizes ranging between 10 -15 µm and oblong in shape with slight spacing between each unit of granule. The morphology of both starches look alike but some granules in the starch citrate appear slightly ruptured. This might be attributed to the chemical reaction that occured at the elevated temperatures employed, such distortions were also observed in the morphology of acetylated and oxidised starch (Agbo et al, 2010) . Generally, small and medium sized starch granules have been reported to have varied utilization in the food and pharmaceutical industries (Omojola et al, 2010) which makes both the native and modified starch desirable both in the pharmaceutical, food and other industrial applications.
Swelling:
The swelling profile of icacina starch compared with that of icacina starch citrate over a temperature range of 50 -100 O C is shown in Figure  1 . The swelling profile shows a general trend of increase with increase in temperature which is more uniform in the unmodified starch than in the modified starch. This is an indication of the water absorption characteristic of the granules during heating. The modified starch at lower temperatures of 50 -70 O C was observed to have higher swelling capacity than the unmodified starch, while the swelling power of the unmodified starch experienced an increase in swelling power at higher temperatures. Icacina starch citrate has a significantly higher swelling capacity than acetylated and oxidised icacina starch as reported in an earlier work on modification of icacina starch (Agbo et al, 2010) . Since increase in swelling power is indicative of suitablity of a starch being used as a disintegrant in the pharmaceutical industry (Chowdary et al, 2011 ) hence it appears that icacina starch citrate might be a better choice as a disintegrant in the formulation of tablets especially since tablets are compounded and used at the temperature range where it has a better swelling. Also high swelling power results into high digestibility and ability to use starch in solution suggesting improved dietary properties and the use of starch in a range of dietary applications (Nuwamanya et al, 2010) , this confirms the applicability of tacca starch citrate in other industries. Gelatinization Properties: Gelatinization is the process whereby starches undergo an irreversible change under heat and absorb water with swelling thereby making the granules swell more and become a paste rather than a dispersion which it forms in cold water. The native starch sample was observed to have a gelatinization temperature of 70 O C which falls within the range of gelatinization temperatures commonly observed for starches. This is in accordance with the value observed by Agbo et al, 2010 . The modified starch (citrate) does not gelatinize at even higher temperature, this indicates that its absorption of water at all temperatures is reversible and also industries that require the use of starch in the gel form might not find this modified starch very useful.
CONCLUSION
This work has compared the differences between the physicochemical properties of icacina starch citrate (modified) and the native unmodified icacina starch. This highlighted some important effects of citrate modification on the physicochemical properties of Icacina trichantha starch and these properties shows better swelling and water absorption properties over the native starch indicating that icacina trichantha is a potential source of industrial starch. The good swelling power makes it a promising pharmaceutical excipient. This type of starch from a non conventional source will reduce the cost of producing starch and eliminate or minimize competition on stable food crops like cassava or potatoes.
